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(g) Disc recording and reproducing apparatus and disc 

(p) A disc rec ording apparatus enables continu- 
ous recordingTata A;;7"tQ~be subdivided and 
recorded in the subdivided state m .^giuiaUxp- 
cording zones of a" disc 2. A system controiler 7 
controls the recording position and the repro- 
ducing position of the recording data with res- 
pect to d ata zo nes of a recording/reproducing 
region of a magneto-optical disc 2. The continu- 
ous recording data are s ubdivi ded for being 
recorded in plural data recording zones. j^vhilg. 
track niKTihAf^data indicatin g the conti nuous 
recorajng;3Kta--r^jy^ .jn the „datali;Qoes. 
aggress dat jTjridicating the positions of the data 
rnnes ' aiTr"a ddress datg _Jridi£ating the linking 
destinatioD for one data zone to anotner, are 
recorded in a lead-in region of the recor- 
ding/reproducing region under control of the 
system controller 7. A disc reproducing ap- 
paratus for reproducing the recorded data re- 
corded by the disc recording apparatus and a 
disc-shaped recording medium for use in the 
disc recording apparatus and in the disc repro- 
ducing apparatus are also disclosed. 
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^«ti,<i a disc reproducing apparatus for reproducing recorded 
' This invention relates to a disc recording apparatus, a disc repr 
data and a disc shaped medium. ^^^^^ orders of magnitude than that of a 

An optical disc may have a recording ^^^^^^ as compared to a recording medium in a tape form, 
magnetic disc and may be accessed ^^/^^^ ^^^^'^^d "^^'^ 
Moreover, optica, discs provide ^^^'^^^^^^ opticafdiscs have become very popular in recent 

free manner on or from the recording '^^^^'^^^^ compact disc (CD). 

years. A well known example of an ^^^^J.^^^^^^ signals are converted into 14-bit signals (c an- 

in accordance with a data '^'^fj^'^^^^ frame is made up of 24 bit sync signals, 14.b.t li- 

ne! bits) by eight to fourteen ^f^ 3^^^^^^ play data and parity data, and 3 bits each between ne.gh- 

symbol) subcode. 14x32 bit symbol) data ^ucj^^^^^^^ ^ ^^^^^^^ ^'^^^'^^t 

bouring symbols, making up a to^l of ^U^^^t ^^^^ ^^^^ ^^^^ processed 

dress of each subcode block IS defined by O^^^^^^^ ^^^.^^^ compact disc on a radially 

with one subcode block as a ^^^fj^" is recorded. In this lead-in region, there are se- 

inner side of a data region in which ^^^^^^^ the recording positions in the data re- 

quentially recorded, as tab! e-of contents J^*Lt^/^^3^^^^ the disc, passage numbers of a first passage 
gion. a time code indicating the start P^^^'^^ passage and the end position of the last pas- 

and the last passage of the disc, a passage "^^^^ ^^^^ ^-channel. 

sage, which are sub-coded and recorded as ^-^^^^^^^ ^^,^3 recording/reproducing bit-compressed 

The levels shown ,n the ^<^»^»"^^^^^^^ format, 
digital audio signals in a proposed CD-mteracrive ^^u ; 


TABLE 1 


LEVEL 


25 


30 


35 


40 


SAMPLING FRE- 
QUENCY 


37.8kHz 


NUMBER OF QUANTI- 
ZATION BITS 


8 


BAND- 1 PLAYBACK TIME/STEREO 
WIDTH MONAURAL 


17kHz 


37.8kHz 


18.9kHz 


17kHz 


2/4 


4/8 


8.5kHz 


8/16 


45 


50 


55 


. . f h i*.vPi B mode is to be reproduced, digital signals of the stan- 

n,ay be made by an optical disc having a ^^^^ stereo headphones or a similar re- 

For a portable recording/reproduc.ng "J'^'^.^^^ZTzLr^ and a disc with a disc diameter of 8cm (a so- 
cording/reproducing device, a disc with a d.sc d.ar"e«r °f ^ J^m ^"^ recording/reproducing 
caned CD single) can be used. In ooler '^^^^^^^'^^^ PO tabiiity . Thus, particularly for a portable de- 
apparatus is required to become '.^'''^iXr.ZeZa^^Z use a disc which is 8cm or less in diameter How- 
vice of a so-called "pocket-size-, .t could "^^^^^^^^^^^^ recording/reproducing apparatus is intended for 
ever the following problems are raised when the pocket 

an optical disc 8cm or less '^^^ f'^""^"^'- ... „ ^.j-.^, disc on which stereo digital PCM audio signals w.th a 
Firstly, in a standard CD ''^^'^^ recorded by a manufacturer solely for reproduction 
sampling frequency of 44.1 kHz and '^^l^l'^^^^^,^^,,^ time) of the disc 8mm in diameter is as short 
by a user (CO-DAformat). the maximum playback time (re 9 ^ ^^^^^ ^^^^^^^ t^e 

as 20 to 22 minutes. This means that for example, a classical y ^^^^^^^ ^ ^ ^ ^^^.^^^ 

disc. A playback time of 74 minutes or longerj^-^^ :V^'^'rconventional CD-DAsystem. Moreover, the non- 
/^so. it is not possible for the user o make ^^^^f '"SJ^'^.^^^^ subject to detracking or defocusmg when 
contact optica, pickup device '3 vulnerable ^ ^^^^^'^^^^^^ , p,, J,e type, it is desirable to mitigate any 
subjected to vibrations. Accordingly rf '•'^^^PP^^^^^JJ^ ^„3ed by detracking or defocusing. 
adverse effects on the ^-^-^''f^'^ZTS ZTeZ^o^^o^^^^ magneto-optical disc, as an extension 

With a proposed CO-MO format, or format time of the disc 8 m in diameter is 

With the above-mentioned CD-I Tormai, ine 
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20 


25 


30 


35 


40 


45 


50 


55 


Standard CD-DA format so that continuous compressed audio data are reproduced at a rate of one un.t per q 
S^Sng units on the disc. This unit is termed a block or sector, with each block (sector) be. ng made up of 98 
Smes with a period of 1/75 second. The number n is dependent on the playback time or the b.t compress.on 
Se of the data and is equal to 4 (n = 4) with for example the level 8 stereo mode. Consequently, w.th the 
level B stereo mode, a data string 

where S is an^aJdl^ sector and D is other sectors, is recorded on the sector-by-sector basis on Jt^^ ^ is c. How- 
ever when actually recording data, the data string undergoes predetermined encod.ng similar to that applied 
to the usual CD format audio data, such as error coding and interleaving, so that the data of the audio sector 
S and data of the data sectors D are recorded in a scrambled manner in the recording sectors on the disc. 
The other data sectors D may include, for example, video or computer data. If bit-compressed ft-dio signals 
are employed in these data sectors, a data string of cyclically arranged 4-channel audio sectors SI to S4. that 
is a data strinq [S1 S2 S3. S4. S1. S2. S3. S4 ..]. is recorded after encoding on the disc. 

In recording and reproducing continuous audio signals, the 4-channel audio signals are linked from the 
first channel to the fourth channel. Continuous reproduction for a fourfold time interval may be made at this 
time by reproducing data corresponding to the audio sector Sr from the innermost region to the outerrr^ost 
.Bgion of the disc, then reverting to the innermost region for reproducing second channel data corresponding 
to the audio sector S2 to the outermost region, then reproducing third channel data corresponding to the audio 
sector S3 from the innermost region to the outermost region of the disc and finally be reproducing data of the 
fourth channel data corresponding to the audio sector 84 from the innermost region to the outermost region 

°^ ^^However for the above-mentioned continuous reproduction, long-distance track jumps need to be made 
repeatedly for reverting from the outermost region to the innermost region. Since the track jumps cannot be 
effected instantly, the playback sound is interrupted during this time because of the absence of the playback 
data Besides, when recording continuous audio signals, it is not possible to record only signals of. for ej'ample 
the sector S2. but it becomes necessary to interleave data of the directly neighbouring sectors S1 and S3 and ■ 
other neighbouring sectors, so that it becomes necessary to rewrite signals of the recorded sectors. Conse- 
auentlv, it is extremely difficult to record the compressed continuous audio data. ^ ^ ^ 

With the above-mentioned CD-MO format similarly to the standard CD-DA format, beginning and end ad- 
dresses are recorded as TOC data. With the CD-MO system continuous data need to be recorded in a con- 
tinuous region because the information is lost by accessing a non-continuous region. Since continuous date 
can not be subdivided for being recorded in plural regions with the CD-MO format, recording can be made only 
in a continuous vacant region if it is desired to re-record data on a track from which previous recording has 
been erased, orto perform an editing operation. It Is assumed that, in the case of a magneto-optical disc having 
a recordable region of up to 60 minutes, as shown in Figure 1 of the accompanying drawings, first play date 
are recorded in a date zone D, from 0 minute to 15 minutes, and second play date are recorded in a date zone 
D, from 30 minutes to 45 minutes, while no date are recorded in a date zone D, from 1 5 minutes to 30 minutes 
or a date zone D. from 45 minutes to 60 minutes. Figure 2 represents a track number date • 1 indicating the 
first play date with recording start date -0", and recording stert position date "00" minute 00 second 00 
frame" and a track number date "1" indicating the first play date, with recording end date ' 1 and recording end 
position date "15 minute 04 second 00 frame" which are recorded in the lead-in region as the inforr^at.on in- 
dicating that the first play date have been recorded in the date region from 0 minute to 15 minutes. Similarly, 
a track number date "2" indicating the second play data, with recording stert date "0" and recording start pos- 
ition date "30 minute 00 second 06 frame", and a track number date "2" indicating the second play date, vv.th 
recording end date "1" and a recording end position date "45 minute 00 second 00 frame are recorded in the 
lead-in region as the information indicating that the second play date have been recorded in the date region 
of from 30 minutes to 45 minutes. If third play date are reconied on the magnetc^optical disc, recording cannot 
be made over the vacant date zones D^ and D4. but can be made only in the range of the recording capacity 

of one of the data zones Dj and D4. 

in accordance with the invention, there is provided a disc recording apparatus in which compressed input 
date are stored in a memory and read out therefrom in a burst manner for being recorded in a date region of 
a disc and in which date indicating the recording contents of said recording region are recorded in a lead-in 
region of said disc, comprising date recording means for subdividing input continuous compressed date for re- 
cording the subdivided date in plural non-continuous date zones on said disc, and lead-in data recort ing means 
for recording track number date associated with the continuous compressed date, address data ind.<^ting the 
positrons of said date zones associated with said track number date and address date indicating the linking 
destinatton of said compressed data recorded in a given data region. 

The invention also provides a disc reproducing apparatus in which continuous recording date are subdi- 
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vided and recorded in plural data zones of a disc and in which track number data indicating continuous recording 
data recorded in each data zone, address data indicating the position of each data zone and linking address 
data" indicating the linking destination from one recording zone to another are recorded in a lead-in region of 
the disc, the disc reproducing apparatus comprising lead-in data reproducing means for reproducing the track 

5 number'data. address data and the linking address data from the lead-in region, and reproducing means for 
reproducing the continuous recording data from the recording zones of said disc based on said track number 
data, address data and the linking address data reproduced by said lead-in data reproducing means. 

The present invention also provides a disc comprising plural recording zones in which continuous recording 
data are subdivided and recorded in the subaivided state, and a lead-in region in which track number data in- 

10 dicating continuous recording data recorded in each recording zone, address data indicating the position of 
each data zone, and linking address data indicating the linking destination from one data zone to another are 
re CO rd ed 

An embodiment of the invention provides disc recording apparatus in which continuous recording data can 
be subdivided for being recorded in plural data regions. Alternatively, or in addition, an embodiment of the in- 

15 vention provides disc reproducing apparatus in which continuous recording data subdivided for being recorded 
on the disc may be reproduced. The invention also provides a disc in which continuous recording data are sub- 
divided and recorded thereon and in which the continuous data recorded in this manner may be reproduced. 

In an embodiment of the disc recording apparatus of the present invention, continuous recording data are 
subdivided and recorded in this state in plural recording zones of the disc, with track number data indicating 

20 the continuous recording data recorded in each data zone, address data indicating the posrtion of each data 
region and address data indicating the linking destination from one data zone to another. 

In an embodiment of the disc reproducing apparatus of the present invention, a disc, in which continuous 
recording data is subdivided and recorded in plural data regions and in which track number data indicating the 
continuous recording data recorded in each recording zone, address data indicating the positions of each data 

25 zone and linking address data indicating the linking destination from one data zone to another are recorded 
in a lead-in region, is reproduced by reproducing the track number data, address data and the linking address 
data from the lead-in region by lead-in data reproducing means, and by reading the continuous recording data 
from the plural data zones of the disc based on the track number data, address data and the linking address 

data by reproducing means. ^ ^ 

30 In an embodiment of a disc in accordance with the present invention, continuous recording data are sub- 

divided and recorded in plural data zones. On the other hand, track number data indicating the continuous 
recording data recorded in each data zone, address data indicating the position of each data zone and linking 
address data indicating the linking destination from one data zone to another are recorded in the lead-in region. 
The invention will be described hereinafter, by way of example only, with reference to the accompanying 
35 drawings in which: 

Figure 1 is a diagrammatic view showing the recording state of a data region of a conventional disc; 
Figure 2 is a diagrammatic view showing the contents of TOC data associated with the recording state of 
the recording region of the disc shown in Figure 1; 

Figure 3 is a block diagram showing an embodiment of an optical disc recording/reproducing apparatus 
40 according to the present invention; 

Figure 4 is a schematic plan view for illustrating the structure of a magneto-optical disc employed in the 
optical disc recording/reproducing apparatus shown in Figure 3; 

Figure 5 is a diagrammatic view showing a data table of TOC data recorded in the lead-in region of the 

magneto-optical disc; , ^• 

45 Figure 6 is a diagrammatic view showing the recording state of the data region of the magneto-optical disc: 

Figure 7 is a diagrammatic view showing the contents of TOC data associated with the recording state of 
the recording region of the disc shown in Figure 6; 

Figure 8 is a diagrammatic view showing the recording state in the data regions when the third play data 
have been recorded from the recording state shown in Figure 6; 
so Figure 9 is a diagrammatic view showing the contents of TOC data associated with the recording state of 

the recording region of the disc shown in Figure 8; 

Figure 10 is a block diagram showing the construction of an optical head employed in the disc record- 
ing/reproducing apparatus: . . 
Figure 11 shows the format of a duster of recording data recorded in the recording/reproducing region of 

55 the magneto-optical disc; 

Figure 12 is a schematic view showing the states of a memory controlled in a recording system of the opt- 
ical disc recording/reproducing apparatus; 

Figure 13 is a schematic view showing the states of a memory controlled in a reproducing system of the 
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optical disc recording/reproducing apparatus; and 

Figure 14 shows another embodiment of TOC data recorded in a lead-in region of a disc according to the 
present invention. 

Figure 3 is a schematic block diagram of an optical disc recording/reproducing apparatus embodying the 
5 present invention. 

The optical disc recording/reproducing apparatus shown in Figure 3 may be used in conjunction with a 
magneto-optical disc having a recording/reproducing region capable of data recording and data reproduction, 
a read-only optical disc having a read-only region for recorded data, or a magneto-optical disc having a re- 
cording/reproducing region capable of data recording and reproduction and a read-only region for recorded 
10 data. The disc 2 may be rotationally driven by a spindle motor 1 . The following description of made of the mag- 
neto-optical disc 2 having a read-only region Aio and a recording/reproducing region A20 radially outwardly of 
the read-only region A10. as shown in Figure 4. 

The read-only region A^o of the nrtagneto-optical disc 2 includes a data region An in which data such as 
play data is recorded and a lead-in region A12 provided radially inwardly of the data region A^. In the read- 
15 only region A10, digital data are recorded as pits and lands associated with "1* and *0". 

In the lead-in region Ai2' recording start address data and recording end address data are recorded for all 
of the play data as table-of-contents data (or TOC data) indicating the recording positions or recording contents 
of the data region An, 

The recording/reproducing region A20 of the optical disc 1 includes a data region A21 for recording data such 

20 as play data and a lead-in region A22 provided radially inwardly of the data region A21. The recording/reproducing 
region A20 is the region for the magneto-optical recording medium. In the lead-in region A22. there are recorded, 
as TOC data indicating the recording positions or the recording contents of the recording data recorded in the 
data region A21. track number data indicating continuous recording data recorded in each data region, address 
data indicating the position of the data regions, and linking address data indicating the linking from a data re- 

25 gion to another data region of destination. 

In the present embodiment the TOC data are recorded in the lead-in region A22» as main data contiguous 
to 16-byte header data, as shown in a data table shown in the diagrammatic view of Figure 5. In the data table 
shown in Figure 5. vertical addresses 0 to 3. each consistirrg of 4 bytes, are those for header data, 12 bytes 
of the vertical addresses 0 to 2 are synchronizing signals and first and second bytes of the vertical address 

30 3 are allocated to cluster addresses. The fourth byte of the vertical address 11 is allocated to a pointer P-FAT 
indicating a vacant region in the data table. 

The region of the vertical addresses 12 to 1 6 make up a track number table, with the first byte of the vertical 
address 12 being allocated to a pointer P-FRA of a start address of a recordable region for the recording data. 
The second byte of the vertical address 12 to the fourth byte of the vertical address 75 are allocated to pointers 

35 P-TNOn of start addresses for track numbers n. The values of the pointer P-TNO„ indicate offset positions pro- 
viding start addresses of the track numbers TNO-n provided by start addresses = 75 x 4 + (P-TNOn) x 8. 

The vertical addresses 76 to 85 make up an address table of the data region and are allocated to start 
and end addresses of the data regions designated by the pointers P-FRA and P-TNOn. First to third bytes of 
even-numbered addresses of the vertical address 76 ff. are allocated to start addresses of the data region. 

40 while first to third bytes of odd-numbered addresses of the vertical addresses 76 ff are allocated to end ad- 
dresses of the data region. Fourth bytes of even-numbered addresses of the vertical addresses 76 ff are al- 
located to various track mode data such as copyright protecting mode or overwrite inhibiting mode. Fourth 
bytes of odd-numbered addresses of the vertical addresses 76 ff are allocated to pointers Link-P indicating 
the linking destination from a given data region to another data region. 

45 It is now assumed that, as shown in Figure 6. first play data are recorded in a data zone from a cluster 

{000]h to a duster [1C4Ih. a data zone D2 from cluster [1C4]h to cluster [384]h is a vacant zone, second play 
data are recorded in a data zone D3 from cluster [384]h to cluster [546]m and a data zone D4 from cluster [546]h 
to cluster [708]h is a vacant zone. TOC data shown in a TOC data table shown in the diagrammatic view of 
Figure 7 are then recorded in the lead-in region A22. That is, since the vertical addresses 84 ff. of the TOC 

50 data table are vacant, (04]h indicating the vertical address 84 is recorded as P-FAT data of the fourth byte of 
the vertical address 11. On the other hand. {00)h indicating the ve^tical address 76 is recorded as P-FRA data 
of the first byte of the vertical address 12. [01 ]h indicating the vertical address 76 is recorded as a pointer P- 
TN01 of the second byte of the vertical address 12. [03]h indicating the vertical address 82 is recorded as a 
pointer P-TN02 of the third byte of the vertical address 12. 

55 Start address data, that is [01C4]h duster, [00]h sector, of the data zone D2 are recorded as first to third 

bytes of the vertical address 76 designated by the pointer P-FRA data [00]h of the first byte of the vertical 
address 12. End address data, that is [0383]h duster, [1F]h sector of the data zone D2 are recorded as first to 
third bytes of the next vertical address 77. In addition, (02]h indicating the vertical address 80 is recorded as 

5 
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a pointer Unk-P data of the fourth byte of the vertical address 77, Start address data, that is (0546lHCiuster, 
[00]h sector, of the data zone 0* are recorded as first to third bytes of the vertical address 80 designated by 
the pointer Link-P data [021h End address data, that is [07081h cluster. I1F1h sector of the data zone D* is re- 
corded as first to third bytes of the next vertical address 81. Besides, [00]h indicating that there is no vacant 
5 zone contiguous to the data zone is recorded as a pointer Link-P data of the fourth byte of the vertical ad- 
dress 77. 

Start address data, that is [0000]h duster. [00]h sector, of the data zone Di. in which the first play data 
are recorded, are recorded as first to third bytes of the vertical address 78 designated by the pointer P-TN01 
data [01]h of the second byte of the vertical address 12. End address data, that is [01C4]h cluster. [1F]h sector 

10 of the data zone are recorded as first to third bytes of the next vertical address 79. Besides. [00]h indicating 
that there is no vacant zone contiguous to the data zone Di is recorded as a pointer Link-P data of the fourth 
byte of the vertical address 79. 

Start address data, that is [0384]h duster, [00]h sector, of the data zone D3, in which the second play data 
are recorded, are recorded as first to third bytes of the vertical address 82 designated by the pointer P-TN02 

15 data [03]h of the third byte of the vertical address 12. End address data, that is [0545]h duster, (IFIh sector 
of the datazone D3 are recorded as first to third bytes of the nextvertical address 83. Besides, [00]h indicating 
that there is no vacant zone contiguous to the data zone D3 is recorded as a pointer Link-P data of the fourth 
byte of the vertical address 83. 

As described atK>ve. the recording/reproducing region A20 of the optical disc 1 of the present embodiment 

20 has the data region A21 in which data such as play data are recorded and the lead-in region A22 provided radially 
inwardly of the data region A21. As TOC data indicating the recording positions and recording contents of the 
recording data recorded in the data region A21, track number table data made up of track number data indicating 
the continuous recorded data recorded in the data regions and address table data made up of address data 
indicating the positions of the data regions and linking address data indicating the linking destination from a 

25 given data region to another data region are recorded in the lead-in region A22. so that the continuous recording 
data may be subdivided for being recorded in plural data zones. The continuous recording data may thus be- 
easily and reliably managed by the track number data. 

Third play data may be recorded across the data zones D2 and D4 as shown in Figure 8. In this case, if 
recording of the third play data is terminated atthe[0546]H cluster within the data zone D4. the TOC data table 

30 is rewritten as indicated in Figure 9. 

That is. a point P-TN03 data [02]h indicating the vertical address 80 is recorded in the fourth byte of the 
vertical address 12 as a pointer of address data indicating the position of the data zone in which the third play 
data are recorded. Since the third play data have been recorded across the data zones D2. D4. the vacant zone 
in which recording data may be recorded is a data zone D5 from [05DD]h cluster to [0708]h duster, so that start 

35 address data, that is (05DD]h cluster, [00]h sector, of the data zone D5 are recorded as first to third bytes of 
the vertical address 76 designated by the pointer P-FRA data [00]h of the first byte of the vertical address 1 2. 
End address data, that is {0708]h cluster, [1F]h sector of the data zone D5 are recorded as first to third bytes 
of the next vertical address 77. Also. [00]h indicating that there is no vacant zone contiguous to the data zone 
D5 is recorded as a pointer Link-P data of the fourth byte of the vertical address 77. 

40 Start address data, that is [01C4]h cluster. (00)h sector, of the data zone D2 are recorded as first to third 

bytes of the vertical address 80 designated by the pointer P-TN03 data [021h of the fourth byte of the vertical 
address 12. End address data, that is [0383]h duster, [1 F]h sector of the data zone D2 are recorded as first to 
third bytes of the vertical address 80 designated by power P-TN03 data [021h of the fourth byte of the vertical 
address 12. End address data, that is [0383]h duster, (IF] sector of the data zone D2 are recorded as first to 

45 third bytes of the nextvertical address 80. Also. [04]h indicating the vertical address 84 is recorded as a pointer 
Link-P data of the fourth byte of the vertical address 81 . Further, start address data, that is (0546]h cluster, 
[00]h sector, of the data zone are recorded as first to third bytes of the vertical address 84 designated by 
the pointer Link-P data [04]h. End address data, that is (05DC]h duster. [1F]h sector of the data zone are 
recorded as first to third bytes of the next vertical address 85. Besides. [00]h indicating that there is no vacant 

50 • zone contiguous to the data zone D4 is recorded as a pointer Link-P data of the fourth byte of the vertical ad- 
dress 77. 

With the optical disc recording/reproducing apparatus of the present embodiment, a magnetic field modu- 
lated in accordance with recording data is applied by a magnetic head 4 to a magneto-optical disc 1 rotationally 
driven by the spindle motor 1 , while a laser light is radiated on the disc by an opticaJ head 3, for recording data 
55 along a recording track of the recording/reproducing region A20 of the disc 2. A recording track of the read-only 
region A10 and the record ing/reprodudng region A20 of the magneto-optical disc 2 is traced by a laser light by 
the optical head 3 for optically reproducing the recorded data. 

As shown in Figure 10 the optical head 3 is made up of optical components, such as a laser light source. 
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for example a laser diode, a coilffnator lens 32. a beam splitter 33. an object lens 34 and a polarization beam 
splitter 35, first and second photodetectors 36. 37 for detecting the light split by the polarization beam splitter 
35 first signal synthesizer 38 for summing and synthesizing detection outputs of the photodetectors 36. 37. 
and a second signal synthesizer 39 for subtractively synthesizing the detection outputs. The optical head 3 is 
5 mounted facing the magnetic head 4 with the magneto-opticai disc 1 in-between. When recording data in the 
recording/reproducing region A20 of the magno-optical disc 2. the optical head 3 radiates a laser light to a target 
track of the magneto -opt leal disc 2. to which a magnetic field modulated in accordance with the recording data 
. is applied by the magnetic head 4 driven by the head driving circuit 16 of the recording system as later descri- 
bed. for recording the data by thermomagnetic recording. The optical head 3 also detects the laser light re- 
10 fleeted from the irradiated target track for detecting focusing errors by the so-called astigmatic method, while 
detecting tracking errors by the so-cailed push-pull method. When reproducing data from the read-only region 
A,o of the magneto-optical disc 2. the optical head 3 detects changes in the light volume of the reflected light 
from the target track of the magneto-optical disc 2 for producing playback signals. Detection outputs by the 
photodetectors 36. 37 are summed and synthesized by the first signal synthesizer 38 to produce playback sig- 
15 nals which.are outputted via a changeover switch 40. When reproducing data from the recording/reproducing 
region A20 of the magneto-optical disc 2, the playback signals may be produced by detecting the difference 
in the polarization angle (Kerr rotation angle) of the laser light reflected from the target track. Detection outputs 
of the photodetectors 36. 37 are subtractively synthesized by the second signal synthesizer 39 to produce play- 
back signals which are supplied to changeover switch 40 which may be changed over depending on various 
20 operating modes by a system controller 7 which will be explained subsequently. 

An output of the optical head 3 is supplied to an RF circuit 5 as shown in Figure 3. The RF circuit 5 extracts 
the focusing error signals and tracking error signals from the output of the optical head 3 to supply the extracted 
signals to a servo control circuit 6. while converting the playback signals into binary-valued signals which are 
supplied to a decoder 21 of the reproducing system as later explained. 
25 The servo control circuit 6 is made up of a focusing servo control circuit a tracking servo control circuit, 

a spindle motor servo control circuit and a thread servo control circuit etc. The focusing servo control circuit 
controls the focusing of the optical head 3 optical system for reducing the focusing error signal to zero. The 
tracking servo control circuit controls the tracking of the optical head 3 optical system for reducing the tracking 
error signal to zero. The spindle motor servo control circuit controls the spindle motor 1 for rotationally driving 
30 the magneto-optical disc 2 at a predetermined rotational velocity, for example at a constant linear velocity. The 
thread servo control circuit causes the optical head 3 and the magnetic head 4 to be moved to a target track 
of the magneto-optical disc 2 designated by system controller 7. The servo control circuit 6. producing the 
above-described various control operations, transmits data indicating the operating states of the various parts 
controlled by the circuit 6 to system controller 7. 
35 A key unit 8 and a display 9 are connected to system controller 7. The system controller 7 controls the 

recording system and the reproducing system under the operating modes designated by the key input data 
entered by the key unit 8. The system controller 7 also controls the recording position or the playback position 
on the recording track traced by the optical head 3 and the magnetic head 4 based on the sector- by- sector 
address data reproduced from the recording track of the magneto-optical disc 2. The system controller 7 stores 
the TOC data read from the lead-in region A,2 of the read-only region A^o of the magneto-optical disc 2 to control 
the playback position in the data region A,, of the read-only region A^o based on the TOC data. The system 
controller 7 also stores the TOC data read from the lead-in region A22 of the read-only region A20 based on the 
TOC data. During the recording mode, system controller 7 automatically generates the above-mentioned TOC 
data table, indicating the recording position in the data region A21 of the recording/reproducing region A20 for 
45 recording the generated TOC data table in the lead-in region A22 on termination of the recording mode. 

The recording system of the optical disc recording/reproducing system has an A/D converter 12 supplied 
with analog audio signals A,n from an input terminal 10 via a low-pass filter 11. 

The A/D converter 12 quantizes the audio signal A,n to produce digital audio signals having a data rate of 
2ch X 16 bits x 44.1 kHz = 1.4 Mbits/second. The digital audio data from the A/D converter 12 are supplied to 
50 an adaptive transform acoustic coding (ATRAC) encoder 13. 

The ATRAC encoder 13 analyzes the waveform on the time axis of the digital audio data of the data rate 
of 1.4 Mbits per second, quantized from the audio signals A,n by the A/D converter 12. into about 1000 com- 
ponents on the frequency axis, by so-called orthogonal transform, with data for a maximum of about 20 ms 
as one block, for sequentially extracting the frequency components, beginning from those more critical to the 
55 human auditory sense, for generating digital audio data having the data rate of 300 k bits/second. That is, the 
operation of compressing the digital audio data having the data rate of 1.4 Mbits/second to digital audio date 
"having the data rate of 300 kbits/second, (which is about one-fifth of 1.4 Mbits/second) is carried out. In this 
manner, the data transmission rate is converted from a rate of 75 sectors/second in the standard CD-Da format 
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to about 15 sectors/second. 

The meniory 14 has its data writing and reading controlled by the system controller 7 and is used for tran- 
siently storing the compressed* audio data supplied from the ATRAC encoder 13 for subsequent recording on 
the disc when the necessity arises. That is. the compressed audio data supplied from the ATRAC encoder 1 3 

5 has its data transfer rate reduced to about one-fifth of the standard data transfer rate of 75 sectors/second, 
that is to 15 sectors/second. It is these compressed data that are continuously written in the memory 14. Al- 
though it suffices to record the compressed data at a rate of one of five sectors of the compressed data, it is 
extremely difficult to record every five sectors on a real time basis. Consequently, recording is made in a burst- 
like manner at a data transfer rate of 75 sectors/second, with a cluster composed of a predetermined number 

10 of sectors, such as 32 plus several sectors, as a recording unit with the interposition of a non-recording period. 
That is. the compressed audio data, written continuously in the memory 14 at a low transfer rate of 15 (=75/5) 
sectors/second corresponding to the above-mentioned bit compression rate, are read as recording data in a 
burst fashion at the above-mentioned transfer rate of 75 sectors/second. The overall data transfer rate, inclu- 
sive of the non-recording period, of the read out and recorded data, is the above-mentioned low rate of 15 

15 sectors/second, while the instantaneous data transfer rate within the time of the burst-like recording operation 
is 75 sectors/second. 

The compressed audio data read out from memory 14 in a burst manner at the above-mentioned transfer 
rate of 75 sectors/second, that is the recorded data, are supplied to an encoder 1 5. The data of the data string, 
supplied from memory 14 to encoder 15 and recorded continuously in one recording operation, are a cluster 

20 composed of plural sectors, such as 32 sectors, and several duster-linking sectors arrayed before and after 
the duster. The duster-linking sector is selected to be longer than the interleaving length at the encoder 15 
so that data of other dusters is not affected by interleaving. 

That is, the recording data in the optical disc recording/reproducing apparatus, that is data read out from 
memory 14. are arrayed into plural dusters each composed of a predetermined number of sectors, with several 

25 duster-linking sectors arrayed between neightjouring dusters. More concretely, a duster C is composed of 32 
sectors or blocks BO to B31 . a single sub-data sector S and three duster-linking sectors LI to L3, totalling 36 
sectors, and is linked to neighbouring dusters via the linking clusters LI to L3. When recording a cluster, such 
as Kth duster Ck, not only the 32 sectors BO to B31 and the sub-data sector S, but also the two sectors L2. 
L3 towards the duster Ck- i (run-in blocks) and the sector L1 towards the duster Ck+i (run-out block), totalling 

30 36 blocks, are recorded as a unit. These 36 sector recording data are transmitted from memory 14 to encoder 
15 where the data are interleaved for re-arranging over a distance corresponding to up to 108 frames (equiv- 
alent to about 1.1 sector). However, data within the cluster Ck are confined within the range from the run-in 
blocks L2. L3 to the run-out block L1 without affecting the adjacent sectors Ck. ^ or Ck*i. Meanwhile, dummy 
data such as *0's are arrayed in the linking sectors LI to L3 so that it is possible to avoid adverse effects of 

35 interleaving on intrinsic data. 

By such cluster-by-cluster recording, it becomes unnecessary to take account of mutual intervention with 
the adjacent clusters due to interleaving so that data processing may be simplified significantly. Should it not 
be possible to effect regular recording of the recording data during initial recording, re-recording may be made 
on the cluster-by-duster basis. On the other hand, should it not be possible to make effective data reading 

-*o during reproduction, re-reading may be made on the duster-by-duster basis. 

The encoder 15 effects encoding for error correction, such as parity appendage or interleaving, and EFM 
encoding, on the recording data supplied in a burst manner from memory 14 as described above. The recording 
data processed with encoding by encoder 1 5 are supplied to the magnetic head driving circuit 1 6. The magnetic 
head driving circuit 1 6 is connected to the magnetic head 4 for driving the magnetic head 4 for applying a mag- 

45 netic field modulated in accordance with the recording data to the magneto-optical disc 2. 

With the above-mentioned optical disc recording/reproducing apparatus, the digital data obtained by the 
A/D converter 12 are audio PCM data having a sampling frequency of 44.1 kHz. 16 quantization bits and a 
data transfer rate of 75 sectors/second. The compressed audio data, continuously outputted from ATRAC en- 
coder 13 at the transfer rate of 15 sectors/second, are supplied to memory 14. 

50 As represented in Figure 12. the system controller 7 controls the memory 14 in such a manner that the 

compressed audio data are continuously written in memory 14 atttie transfer rate of 1 5 sectors/second by con- 
tinuously incrementing write pointer W of the memory 14 at the transfer rate of 1 5 sectors/second and. when 
the volume of the compressed data stored in menrrory 14 exceeds a predetermined volume K, the compressed 
audio data are read in a burst manner from memory 14 as recording data by the atwve volume K at the transfer 

55 rate of 75 sectors/second by incrementing a read pointer R of memory 14 in a burst fashion at the transfer rate 
of 75 sectors/second- 

With the above-described memory control by the system controller 7, the compressed audio data contin- 
uously outputted from the ATRAC encoder 13 at the transfer rate of, for example, 1 5 sectors/second, are written 
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.u u ^-^^cui transfer fate Of 1 S sectors/second and. when the data volume stored 
in memory 14 at the above-ment«ned ^^^^^ compressed audio data are read from memory 14 
in memory 14 --l--^'"^- ^^^^^J^T^^.l^^^^ may be continuously written in memory 14 

reVdr ".io^n rmrtt:^"rmined^o.ume may perpetually he maintained in memory 

^%.snotedthatthe.ecord,n..a.readou™^^ 

tinuous state on a recording ^^^^^l^l^:^''^^^^'^^^^^^^ Since the data wnting region in excess 
recording track of the magneto-opt.cal '^'^^ ^ Dy syste ^^.^^^ 

Of the predetermined -i-^^^^^^^^^ 7 Ltects the occurrence 

writing region in excess of the P^®*^®^"™"*° _ ^_ maoneto-optical disc 2 so that the operation of 

recording track of the magneto-optical disc 2. ^ „„,,^„„H..rina aooaratus is hereinafter explained. 

The reproducing system is designed to reproauce ... . ^, ^.-i^^ of the magneto-optical disc 2. 

,he a»o.e-me.tion.d decoding ..r .,ro, "'-^-f/JJ^,"^'^^^^^^ The plsy 

from RF cteuit 5 to reproduce the compressed '^'Z^^'^°'"^^Z:,a r.ediog and wnting contmlled 
l>.ck datafrom decoder 21 are supplied to a memory f ^^^i i^M^^i^T^i^ of 75 sectors/sec- , 
.,svstem<»n.oller7»tt^.hepla^^^^^^^^ 

r oirrr ■n™^'3t"l"..e o, 75 secto./second are contln^o., read a.t.e »nsfer 

''%irs;~or 7 ca^ses ,n. TOC data read Sred 

A,, or the ,e.d.ln region A. of .he '~°;-;"*«™-;;°^ ."ne data region A„ of the 

in TOC memory 20 to control the recording position o^J.^^^/^P™""^ ^ ; . . d on the TOC data, 

read-only region A. or the data region A. of the --^'^-^/reprodu-g -9 ^^^^^^^^ 

The system controller 7 controls the memory 22 in ^"'^'^/^ "1^"";;,^;^^ read from 

the memory 22 at the transfer rate ^^^^ --^f"^^^^^^^^^ the playhIcK position 
memory 22 at the above-mentioned transfer rate of ^ ^ 22 bv the above memory control will 

so that the playback data written therein in a burst ^^^f^f^^ "^^^^^^^^^ playback position is 

be continuously reproduced from the recording ^ack ^^'^^ ^^^^^^^^^^^^^ f^^^^^, ,^,4r from memory 

r2r:ste^rc:r.ivr^^^^^^^^^^^^ 

W of memory 22 at the transfer rate of 75 Z lllll^^^ ^emo^y 22 at the transfer 

transfer rate of 75 sectors/second., continuously incrementing the read pomte^^^^^^ ^^^^ 

rate of 1 5 sectors/second for continuously reading the ^^^y^^^^J^^^'^^ TeTtaken the read pointer R and 
15 sectors/second, discontinuing the writing when the write P^"^- ^^^^^^^^^^^^ for writing 

^""wL'the above-described memory control by the system "VZZ 
duced from the recording track of the magneto-optical disc 2 '^^ll'^^^J^^^^Z payback data at the 
at the transfer rate of 75 sectors/second and ^ ^^^^£1 Sntilou 22 while 

transfer rate of 1 5 sectors/second, so that the playback data may "^^^^^^^^^^ 22. On the other 
a data volume in excess of the predetermined volume Lis P^^P^'^^''^ '"^^^^ in a 

hand, the playback data read out in a burst manner from the ["^f^^^T^CJon^oH^g ^ P-"'- 
continuous state from the recording track of the magnetc^opt.cal d«c 2 by cond^l ing P J 
on the recortmg track of the magnetc^optical disc 2 by system ~"^;;;2|7^"^;,3%'^k data may be read 
excess of the predetermined volume L is perpetually maintained in memory 22. the playbacK 
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from the data readout region in excess of the predetermined volume L to continue the outputtmg of the analog 
™dlo signals even when the system controller 7 detects the occurrence of a Irack jump by disturbances to 
discontinue the reproducing operation, and the operation of restoration may be carried out m the .ntenm. 

The compressed audio data continuously read out from memory 22 at the transfer rate of 15 sectors/sec- 
ond are supplied to an ATRAC decoder 23. The ATRAC decoder 2 has its operating mode designated system 
controller 7 and. with the present disc recording/reproducing apparatus, expands the compressed 
by a factor of five to reproduce the digital audio data having the transfer rate of 75 sectors/second. The dig.tal 
audio data for ATRAC decoder 23 are supplied to a D/A converter 24. 

The D/A converter 24 converts the digital audio data from ATRAC decoder 23 into an analog form to pro- 
duce analog audio signals Aout which are outputted via a low-pass filter 25 at an output terminal 26^ 

Meanwhile the reproducing system of the present optical disc recording/reproduc.ng apparatus has a dig- 
ital outputting function so that the digital audio data from the ATRAC decoder 23 may be outputted via a digital 
output encoder 27 at a digital output terminal 28 as digital audio signal Dour. ^ ,^ ^ 

With the above described embodiment of the optical disc recording/reproducing apparatus, the record- 
ing/reproducing region A« of the optical disc 2 has the data region A„ in which data such as play data are 
^n^and the lead-in"egion A« arranged radially inwardly of the data region A., and track number tab^ 
data made up of track number data indicating continuous recording data recorded in he data region and ad- 
dress table data made up of address data indication the positions of data zones and linking address data in- 
dicating the destination of linking from one to another data zone are stored in the lead-.n ^fS.on so that 
the continuous recording data may be subdivided and recorded in plural recording zones. By ""'""^"9^^; 
reproducing position of the data region A,, based on the TOC data read fmm the lead-in 
tinuous re«,rding data subdivided and recorded in the plural data regions of the ^^^'^'"S^^P"^"^^ °" 
A«, may be repri^uced. In addition, the continuous recording data may be easily and reliably controlled by the 

'"'nThTemSfrenT^ the TOC data generated in the TOC data table having the track number tabie 
and the address table as shown in Figure 5 are recorded in the lead-in region A^ of the record.ng/r^eproducmg 
region A^. However, as shown in Figure 14. a linking flag region A^. However, as shown m Figure 14. a linking 
flag region indicating the presence or absence of linking destination from one to another data region may be 
provided in the TOC data of the CD-MO format and the address data indicating the plural recording positions 
and thelinkingflagmayberecorded in the lead-in region A^forthe recording data ofthecommon track number 

^'^^In the above-described embodiment of disc recording apparatus in accordance with the invention, contin- 
uous recording data may be subdivided and recorded by data recording means in plural data zones of the disc, 
while the track number data indicating the continuous recording data recorded in the recording regions, the 
address data indicating the positions of the data regions and the address data indicating the destination of 
linking from one data zone to another are recorded in the lead-in region of the disc, so that the continuous 
recording data may be subdivided and recorted in the plural recording zones. . ^ , . 

In the above described embodiment of disc reproducing apparatus in accordance with the invention, data 
recorded on the disc, in which continuous recording data are subdivided and recorded in plural data regions, 
and in which the track number data indicating the continuous recording data recorded m each ^a'a region^ ad- 
dress data indicating the position of each data region and linking address data indicating '-^'"9 d^^^^^^ 
from one data region to another are recorded in the lead-in region, are reproduced by reading the track number 
data, address data and the linking address data from the lead-in region by lead-.n da^ ^^^^^^^l""^;^!^ 
and by reading the continuous recording data from the plural data regions of the disc by reproducing means 
based on the ^ck number data, address data and the linking address data, so that the '"^ 
data may be reproduced from the plural data regtons in which the continuous recording data are subdivided 
and recorded in the subdivided state. o.-kh; 

With an embodiment of a disc in accordance with the invention, the continuous reconJing data are subdi- 
vided and recorded in plural data regions, while track number data indicating the =°"t'""°"V.r'i 1"^? 
recorded in each data region, the address data indicating the positions of the data regions and he linking ad- 
dresL data indicating the'.inking destination from one data region to another are recorded in the lead-m region, 
so that the continuous recording data may be recorded and/or reproduced via the plural data regions. 


55 Claims 


1. Disc recording apparatus in which compressed input data are stored in a memory (14) and read o^J t^er^ 
from in a burst manner for being recorded in a data region (A,,) of a disc (2). and in which data indicating 
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the recorxling contents of said recording region are recorded in a lead-in region (A^ of said disc, the disc 
recording apparatus comprising u ' k 

data recording means (7. 15) for subdividing input continuous compressed data and for recording the sub- 
divided data in plural non-continuous data zones on said disc, and 

lead-in data recording means (7. 15) for recording track number data associated with the continuous com- 
pressed data, address data indicating the positions of said data zones associated with said track number 
data and address data indicating the linking destination of said compressed data recorded in a given data 
region. 

Disc recording apparatus according to daim 1 wherein, simultaneously with the address data for the com- 
pressed data subdivided and recorded in a given data zone, data indicating the position in said lead-in 
region in which address data of another data zone to be linked with said given data zone are recorded, 
are recorded in said lead-in region. 

Disc recording apparatus in which compressed input data are stored in a memory (14) and read out there- 
from in a burst manner for being recorded in a data region (Aj,) of a disc (2). and in which data indicating 
the recording contents of said recording region are recorded in a lead-in region (A22) of said disc, com- 

daterecording means (7. 15) for subdividing the input continuous compressed data and for recording sub- 
divided data in plural non-continuous data zones on said disc, and 

lead-in data recording means (7. 15) for generating a track number table including track number data as- 
sociated with the continuous compressed data and an address data table including address data indicat- 
ing the position of the data zones associated with the track number data and address data indicating the 
linking destination of the compressed data recorded in a given data zone and for recording data of said 
tables in said lead-in region of said disc. 

Disc recording apparatus according to claim 3 wherein leading address data of said continuous com- 
pressed data are recorded at a position in said address data table associated with said track number. 

Disc recording apparatus according to claim 4 wherein simultaneously with the address data for the com- 
pressed data subdivided and recorded In a given data zone, data indicating the position m said address 
data table in which address data of another data zone to be linked with said given data zone are recorded 
in said address data table. 

Disc reproducing apparatus for reproducing continuous data from a disc, in which continuous recording 
data are subdivided and recorded in plural data zones of a disc (2) and in which track number data indi- 
cating continuous recording data recorded in each data zone, address data indicating the position of each 
data zone and linking address data indicating the linking destination from one recording zone to another 
are recorded in a lead-in region of the disc, the disc reproducing apparatus comprising lead-in data re- 
producing means (21.7) for reproducing the track number data, address data and the linking address data 
from the lead-in region, and reproducing means (21.7) for reproducing the continuous recording data from 
the recording zones of said disc based on said track number data, address data and the linking address 
data reproduced by said lead-in data reproducing means. 

Disc reproducing apparatus for reproducing continuous digital data from a disc (2) in which said continuous 
digital data are compressed and subdivided for being recorded in non-continuous data zones therein and 
in which track number data associated with said continuous compressed data, address data indicating 
the position of data zones associated with said track number data and linking address data indicating the 
linking destination of the compressed data recorded in one of said data zones are recorded in a lead-in 
region therein, the disc reproducing apparatus comprising 

lead-in data reproducing means (21. 7) for reproducing the track number data, address data and linking 
address data recorded in said lead-in region. 

data reproducing means (21. 7) for reproducing the continuous compressed data from said disc based 
on the track number data, address data and the linking address data reproduced by said lead-.n data re- 
producing means. 

a memory (22) for storing the compressed data reproduced by said data reproducing means and sequen- 
tially outputting the stored compressed data at a predetermined transfer rate, and 
data expanding means (23) for expanding the compressed data read out from said memory. 
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Disc reproducing apparatus according to daim 6 or daim 7 v^erein said data reproducing means repro- 
duce the continuous digital data by reproducing the data recorded in a given one of the data zones based 
said address data and accessing another linking data zone on said disc based on said linking address 


on 
data. 


A disc-shaped recording medium comprising: . 
plural data zones in which continuous digital data are recorded after compression followed by subdivision. 

a"ead-in region in which track address data associated with said continuous compressed data, address 
data indicating the position of each data zone associated with said track number data, and linking address 
data indicating the linking destination of the compressed data recorded in one of said recording zones, 
are recorded. 
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